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ABSTRACT 
 
Emotion processing has been reported to occur via a fast ‘low road’ pathway 
using coarse visual information and projecting from the superior colliculus to the 
amygdala via the pulvinar. Abnormal development in such an important pathway has 
been suggested to be related to reduced social orienting in children with autism spectrum 
disorders (ASD). It may also be a contributor in the aberrant development of cortical 
circuits involved in face processing. Our objective was to further investigate previous 
supporting evidence for an abnormal subcortical pathway in adults with ASD during 
fearful face processing by monitoring differences in spatial frequency-dependencies. 
Participants included 17 individuals with ASD and 20 typically developing controls. The 
ASD group met diagnostic criteria on the Autism Diagnostic Interview – Revised (ADI-
R), Autism Diagnostic Observation Schedule (ADOS), and Diagnostic and Statistical 
Manual of Mental Disorders IV (DSM-IV). No facial feature preference was identified 
for gaze fixation for either group. The ASD group was attentive and accurate to a gender 
discrimination task though statistically less so than typically developing (TD) controls. 
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Both the ASD and control groups showed significant activation in the right fusiform face 
area (FFA) and left occipital face area (OFA). The control group exhibited additional 
significant responses in the bilateral amygdala, pulvinar, and lateral geniculate nucleus 
(LGN), while the ASD group exhibited significant responses in the left pulvinar and left 
LGN. In group comparisons, the controls showed significantly greater activation in the 
bilateral amygdala, OFA, and right LGN. No brain region showed significantly greater 
activation in the ASD group compared to TD controls. Thus, basic face identification 
mechanisms appear to be functional in ASD with possible functional abnormalities in 
face categorizing mechanisms and early visual processing systems. While individuals 
with ASD failed to engage the amygdala and had variable activation in the pulvinar, these 
results do not implicate a dysfunctional ‘low road’ pathway. In fact, relative to neutral 
stimuli, the amygdala showed similar activation patterns for low-spatial frequency fearful 
images in both groups. This finding directs focus to other possible areas of neural 
abnormalities which may contribute to early-emerging deficits in social orienting and 
attention, the presumed antecedents to abnormalities in social cognition and face-
selective cortical specialization. 
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INTRODUCTION 
1.1 Face Processing 
The face is the most fundamental interface for social communication with a wealth of 
information presented by its features and configuration. Reading such information from 
facial features is a pivotal ability in child development and directly influences the 
development of social skills. Different neural circuits have been shown to process 
categories of facial information such as gender, emotion, and identity information (Bruce 
& Young, 1986; Deruelle & Fagot, 2005). The integration of features within a visual 
image into a representation of the whole face, known as “holistic processing”, is an 
important development in children at 4 years of age (De Heering, Houthuys, & Rossion, 
2007; Young, Hellawell, & Hay, 1987). The importance of facial feature spatial 
relationships has been demonstrated by significant decrments  in configural processing 
when faces are inverted (the face inversion effect) (Farah, Tanaka, & Drain, 1995; Le 
Grand, Mondloch, Maurer, & Brent, 2001; Sekunova & Barton, 2008; Young et al., 
1987).   
In comparison to holistic processing, feature-based processing involves focusing on 
facial features. The maturation of identity and facial expression processing has been 
shown to occur from age 4 to 11 years, with facial expression lagging behind facial 
identity development (Vicki Bruce et al., 2000; Johnston et al., 2011). The age difference 
in development of these two processing styles suggests they occur in different pathways. 
Specifically, the posterior superior temporal sulcus (pSTS) has been shown to selectively 
activate in response to movements of the eye/mouth regions and in the perception of 
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changeable facial features such as shifts of gaze and facial expressions of emotion, but 
not in still images of faces and not restrictively to that area (Puce, Allison, Bentin, Gore, 
& McCarthy, 1998). In the lateral fusiform gyrus, specifically in the right hemisphere, the 
fusiform face area (FFA) has been demonstrated to be highly involved in face 
identification (Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999). Haxby et al (2000) 
showed that attention to identity evoked a response in the FFA, but not the pSTS and vice 
versa for eye gaze direction.  
Due to the importance of facial processing, deficits in any of these theorized 
pathways would be quite detrimental to the social development process. Individuals with 
autism spectrum disorders (ASD) have been shown to have different processing styles 
than typically developing (TD) individuals (Curby, Schyns, Gosselin, & Gauthier, 2003). 
However, evidence supports a functioning configural processing system and normal FFA 
activation in individuals with ASD (Hadjikhani et al., 2004; Kleinhans et al., 2011). What 
causes the difference in visual processing is still unknown, but research investigating 
specific pathway differences may assist in uncovering the underlying decrements in 
activation.  
1.2 Eye Gazing 
Facial features display different types of information; some display more information 
pertaining to identity of a person while some display more about the emotional status of 
the person. For example, in a TD individual, Adolphs et al (2005) found the eyes to be a 
strong component in discriminating fearful expressions in faces. Similarly, Spezio et al 
(2007) used linear regression of randomized circular sections of faces (the ‘bubbles 
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method’) to show that TD individuals find the eyes to be most informative in determining 
facial expressions. Eye gaze direction is another revealing feature of the face, most useful 
in fear and attention detection. Direct eye contact can be perceived as a sign of threat, 
sign of interest, an endeavor to catch one’s attention, or an attempt to engage in social 
interaction (Haxby et al., 2000). Certain brain areas such as the amygdala have been 
shown to selectively activate in the presence of direct eye contact (Nummenmaa, 
Passamonti, Rowe, Engell, & Calder, 2010). Conversely, averted gaze can signify a lack 
of threat, lack of interest, or can indicate another’s attention to an event or point of 
interest elsewhere in the surroundings (Haxby et al., 2000). The pSTS has been shown to 
activate more when gaze direction changes (Haxby et al., 2000), providing evidence for 
its importance in identifying changeable facial features.  
Historically, it has been shown that individuals with ASD show preference for the 
mouth region when processing features of affective faces (Curby et al., 2003). This 
atypical eye gazing could be due to avoidance of direct eye contact or to a lack of 
attentiveness to the face. By using differential fixation points, Kliemann et al. (2012) 
showed an increase in movement away from the eye region in an ASD group over TD 
controls. In addition, this group showed increased amygdalar activity when fixating on 
the eyes suggesting avoidance of the eyes. On the other hand, studies have shown that 
gaze behaviors in ASD individuals are not modulated by emotional expression (Kliemann 
et al., 2012), which suggests lack of social attention. The two hypotheses are not mutually 
exclusive; the true nature of ASD’s characteristic atypical eye gazing can be a collective 
result of both avoidance and social inattentiveness.  
 4 
1.3 Fear Pathways 
Affectively-laden information has been shown to follow a specialized pathway in 
visual circuitry possibly evolved due to an underlying survival advantage. Owing to the 
potency of affective information, it is processed independently of attention and 
awareness. It has been shown to provide a rapid analysis of the stimuli and to be selective 
to coarse (global) aspects of the stimulus. Unperceived visual stimuli with emotional 
significance induce behavioral and neurophysiological responses that are indicative of a 
change in emotional state (Tamietto & De Gelder, 2010). Although many emotions have 
been shown to have similar attributes, fearful faces break into consciousness more 
quickly than happy faces during the non-conscious method of continuous flash 
suppression (Pessoa & Adolphs, 2010). Such non-conscious perception is believed to be 
an intrinsic property of a healthy brain, and is even believed to phylogenetically precede 
the development of the conscious brain (Brosch & Sharma, 2005). Psychophysical 
evidence indicates that, in general, visual perception of items that lie outside of the focus 
of attention is attenuated or absent. With fearful stimuli, however, subcortical structures 
such as the amygdala remain active even when attention is diverted (Tamietto & De 
Gelder, 2010). 
Two pathways are postulated to process faces conveying emotions: the ‘high road’ 
and the ‘low road’ (Ledoux, 1998). The classical pathway or ‘high road’ for visual 
processing transports information through the visual cortex via the lateral geniculate 
nucleus (LGN) and sends signals to other areas of the brain such as the amygdala and the 
FFA via the ventral pathway. This conscious cerebral pathway involves socialized, fully 
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cognizant processing of the full stimulus and all of its contextual associations. In contrast, 
the ‘low road’ is a subcortical pathway which transports global visual information in a 
rapid, non-conscious manner. This pathway has been best described as a short-latency 
collulicar-pulvino-amygdalar pathway, relaying retinal information from the superior 
colliculus in a similar fashion as the medial colliculus relays auditory information 
(Johnson, 2005).  
There is abundant evidence of abnormalities of amygdala structure and function in 
ASD. Hadjakhani et al (2009) showed that ASD individuals failed to respond differently 
to bodily expression of fear and neutral stimuli while TD individuals differentiate 
between the two. However, it has been shown that individuals with ASD have the ability 
to detect simple emotion in faces such as fear and happiness, thought to arise from a more 
effortful and deliberate process of using feature-based processing to capture the holistic 
meaning of the expression (Neumann, Spezio, Piven, & Adolphs, 2006). Tracy et al. 
(2011) found contradictory evidence to this claim, and showed that ASD individuals can 
recognize emotions just as quickly and accurately as a TD group. One possible reason for 
such variability in findings is the reduced motivation to attend to certain social stimuli.  
1.3 Spatial Frequency 
Spatial frequency is a pattern characterized by periodicity across space and is akin to 
grain of resolution of an image. As shown in Figure 1.1, an image demonstrating high 
spatial frequency (HSF) can carry finer-detailed information than an image with low 
spatial frequency (LSF). In fact, the pattern of spatial frequency (SF) information used 
for a particular task can provide insight into an individuals’ reliance on holistic 
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processing compared to featural-based processing of visual information (Curby et al., 
2003). 
 
Figure 1.1: (BSF) Original broad-band faces. (HSF) High-spatial 
frequency filtered faces. (LSF) Low-spatial frequency filtered faces  
 
It has also been shown that the ‘high road’ and ‘low road’ pathways are sensitive to 
different ranges of SF – HSF and LSF, respectively. HSF (8-16 cycles/face) images are 
transmitted preferentially by parvocellular channels while LSF (2-8 cycles/face) images 
use magnocellular channels (Ellemberg, Hammarrenger, Lepore, Roy, & Guillemot, 
2001). The information transported by these channels within the cortical streams appears 
to be segregated at many levels (Atkinson, 1992). As mentioned previously, HSF 
components convey fine detail which translates into notions of identity and precise 
recognition (i.e. scars and wrinkles). Whereas LSF components are important in 
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expressing configural information about a face (i.e. shape and proportions), it has also 
been shown that no SF preference exists for the inversion effect (Gaspar, Sekuler, & 
Bennett, 2008).  It has also been shown that gender categorization tasks are biased to LSF 
choices over HSF, while emotion categorization shows the opposite bias in children; 
adults fail to show this HSF bias for the emotion task (Deruelle & Fagot, 2005).  
Due to the overwhelming dependence of visual processing on SF and the history of 
face processing deficits in ASD, comparing SF stimuli in behavioral tasks compared to 
functional imaging can be a helpful tool in parsing out the areas of the brain most 
affected. Behaviorally, children with ASD perform better matching a broadpass (BP) face 
to its HSF- than to its LSF-filtered version, while controls show the opposite pattern 
(Deruelle, Rondan, Gepner, & Tardif, 2004). It has been suggested that individuals with 
ASD would use different facial features to process different SF images; therefore 
processing in different areas of the face could depend on different spatial scales (Curby et 
al., 2003). Deruelle and colleagues (2004) found  an age-diminishing trend in the deficit 
of processing LSF information experienced by children with ASD. Curby et al. (2003) 
found an individual with Asperger syndrome  to rely more on HSF information than 
controls, consistent with a feature-based style of processing. In addition, the individual 
appeared to use more HSF information in the mouth region and less in the eye region 
than controls. Stemming from behavioral findings, researchers have investigated the 
differences in magnocellular and parvocellular neuronal activity in ASD, usually 
suspecting a magnocellular deficit in response to the global processing deficit; however, 
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findings have not been repeatable (Greenaway, Davis, & Plaisted-Grant, 2013; Koh, 
Milne, & Dobkins, 2010). 
1.5 Brain Regions of Interest 
1.5.1 Fusiform Face Area (FFA) and Occipital Fusiform Area (OFA) 
The FFA and OFA were discovered early on as high-level extrastriate areas that 
process invariant aspects of faces underlying identity (Haxby et al., 2000). Though both 
areas are utilized in early processing of visual stimuli, they are known to have different 
functions. The FFA has been shown early on to play an important role in identifying a 
face at a more individual level without attending to memory judgments (i.e. a familiar 
face) (Gauthier et al., 2000). The FFA is also believed to be the result of our extensive 
expertise with faces, trained to identify faces quickly (Gauthier et al., 1999). Similarly, 
FFA activation is directly correlated with an individual’s level of visual expertise with 
cars, birds, or novel objects. The FFA is also a strong component in holistic processing. 
In fact, its signal is attenuated by face inversion, though it retains a signal above chance 
level (Gauthier et al., 2000). Similarly, if the contrast polarity of a face is reversed 
(similar to a photographic negative), the FFA signal is 26% reduced (Yue, Nasr, 
Devaney, Holt, & Tootell, 2013). Activation in the FFA appears to be SF-dependent and 
the activity may be tuned independently to different SF information by experience 
(Gauthier et al., 2000), although it has recently been shown that LSF stimuli of any kind 
instantiates fusiform activation (Woodhead, Wise, Sereno, & Leech, 2011). Although 
some ASD individuals show abnormally low FFA activation compared to controls 
(Curby et al., 2003), others show normal activity to arise from the fusiform gyrus on 
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average (Apicella, Sicca, Federico, Campatelli, & Muratori, 2012; Hadjikhani et al., 
2009).   
The OFA is believed to be involved with earlier processing than the FFA, 
possibly a component in categorical judgments (i.e. gender) (Gauthier et al., 2000). Upon 
TMS impairment, individuals lose the ability to identify faces but not houses; more 
importantly, they lose the ability to discriminate face parts but not face spacing (Pitcher, 
Walsh, & Duchaine, 2011). There is supporting evidence that the OFA is involved in 
early perception of facial structure (Fox, Moon, Iaria, & Barton, 2009). This implicates 
the OFA as an ideal location for feature-based processing. In addition, connectivity has 
been demonstrated between the OFA and FFA which point to a ventral processing 
pathway (Gschwind, Pourtois, Schwartz, Van De Ville, & Vuilleumier, 2012). 
1.5.2 Amygdala  
The amygdala plays a multifaceted role in neural circuitry, demonstrated 
anatomically by its 12 nuclei. It is crucial for detecting and processing environmental 
features as well as facial expression cues, responding most strongly to fear (Haxby et al., 
2000; Kliemann et al., 2012). Unlike the superior colliculus or pulvinar, it is involved in 
both conscious and non-conscious perception of emotional stimuli (Tamietto & De 
Gelder, 2010). The dorsal amygdala is also postulated to respond to stimuli with unclear 
predictive value, known as the vigilance system (Somerville, Whalen, & Kelley, 2010). 
Increased amygdala activity has been associated with fixation on the eyes (Kliemann et 
al., 2012), and a patient with bilateral amygdala damage even fails to make use of the eye 
region in fear-discriminating tasks (Adolphs et al., 2005). Connectivity has been found 
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between early occipital areas and the amygdala, which might imply a rapid route to the 
amygdala, which bypasses further cortical processing (Gschwind et al., 2012). 
Amygdala activation in response to emotional stimuli has been reported under 
conditions of sensory and attentional unawareness in neurologically intact observers and 
in brain-damaged patients with cortical blindness or hemispatial neglect (Tamietto & De 
Gelder, 2010). MRI studies indicate that the amygdala follows an aberrant trajectory of 
growth in individuals with autism, with amygdala enlargement present as early as age 2 
(Schumann, Barnes, Lord, & Courchesne, 2009; Sparks et al., 2002). Schumann et al. 
(2011) demonstrated that, on average, amygdala enlargement remains present in 7-12 
year old children with autism, but not in 12.5-18 year olds with autism. Aberrant 
amygdala activity during face processing has been repeatedly reported in ASD; however, 
findings vary considerably on activation due to face-stimuli (Kliemann et al., 2012). 
Increased amygdala activation was found to positively correlate with duration of eye 
contact (Dalton et al., 2005).   
1.5.3 Thalamic Regions 
The LGN and pulvinar are critical structures in visual processing. About 90% of 
the axons in the optic nerve go to the LGN, including contralateral (crossed) and 
ipsilateral (same side) LSF-dependent magnocellular neurons and HSF-dependent 
parvocellular neurons. Another population is sent to the superior colliculus in the 
midbrain and is implicated to be part of the ‘low road’ subcortical pathway to the 
amygdala via the pulvinar. The pulvinar is the largest nucleus in the primate thalamus 
and is involved in the control of visual attention and/or distraction-filtering (Pessoa & 
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Adolphs, 2010). It was also shown in an MRI study to respond to the conscious 
perception of a stimulus as compared to its affective significance (Padmala, Lim, & 
Pessoa, 2010). It receives inputs from the retina, the superior colliculus, and the 
extrastriate cortex. Its dorsal domain, consisting of the medial subdivision, has diffuse 
cortical connections as well as with the amygdala. It has important integrative properties 
due to its complex structure, similar to the amygdala (Pessoa & Adolphs, 2010). Early 
visual processing, which involves most of the aforementioned areas, have been 
demonstrated to be intact in ASD individuals (Hadjikhani et al., 2009). 
1.5 Specific Aims 
In this study, we hope to investigate the differences in affective processing in ASD 
individuals compared to TD controls by monitoring brain activation in response to fearful 
stimuli compared to neutral stimuli and the relative spatial frequency dependencies of 
these stimuli. We use a gender discrimination task to monitor attention to the stimuli and 
record response times and accuracy to the task. By using a task not requiring fear-
relevant cognizant processes and showing a facial image for brief amounts of time, we 
hope to invoke the ‘low road’ subcortical fear pathway. We will be monitoring the 
regions thought to be used by this pathway and measuring the number of gaze fixations 
made during the task in order to monitor what areas of the face were used most when 
eliciting a response. 
Based on literature we expect to find significant differences in the ASD group 
compared to TD controls, especially pertaining to the amygdala. Due to the variability in 
literature regarding eye gaze in ASD individuals, no hypothesis can be made on the 
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expected results of overall fixations. We do expect to find significant differences between 
fixations on facial regions and hemodynamic responses in fearful stimuli over neutral 
stimuli. In the TD group we expect to find more LSF-dependency for fearful stimuli and 
higher activation in subcortical areas involved in the ‘low road’ processing for these 
stimuli. Since this pathway is believed to arise in very early development, we hypothesize 
a fully functioning subcortical pathway in ASD individuals. On the other hand, ‘high 
road’ cortical area impairments are hypothesized to exist due to the later age of 
development of this system and their higher potential of being affected by 
neurodevelopmental malformations.    
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METHODS 
2.1 Participants 
Participants were 20 typically neurodeveloped, right-handed males from 14 to 26 
years of age (M = 251 mo., SD = 42 mo.) and 17 ASD, right-handed males from 15 to 28 
years of age (M = 281 mo., SD = 48 mo.). Participants were screened to ensure they had 
no other neurological or psychiatric conditions and were not using psychoactive 
medications, and were confirmed to have normal or corrected-to-normal vision. This 
study was approved by the Institutional Review Board of the Boston University Medical 
Center, and informed consent was obtained from participants. Prior to imaging, 
participants completed a behavioral training session in a mock scanner to acclimatize 
them to the scanner environment and to ensure they understood the task. 
2.2 Stimuli 
The fMRI behavioral required a simple gender discrimination between male and 
female. The event related design included 208 trials in 6 bins consisting of 2 emotions 
(neutral and fear) and 3 spatial filters (high-pass, low-pass and broadband pass): 36 BP-
Fear, 36 HSF-Fear, 36 LSF-Fear, 36 BP-Neutral, 36 HSF- Neutral, and 36 LSF- Neutral. 
Each face appeared for 200 msec followed by 1800 msec of a fixation cross during which 
participants responded. The start of a trial was signaled by a fixation cross, which 
appeared at screen center for 600 msec, and was then replaced by the image stimulus with 
the previous fixation point occurring in the nasal region. On null trials, the fixation cross 
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appeared for the entire 2000 msec trial duration. Trial order for each condition was 
randomly intermixed using OptSeq2 (http://surfer.nmr.mgh.harvard.edu/optseq).  
 Responses were given on a button pad on which the buttons were aligned 
horizontally. Stimuli were presented and responses recorded with Presentation 12.0 
software. Stimuli were projected with an LCD projector onto a tangent screen positioned 
in front of the participant's forehead and viewed through a tilted mirror. Eye movements 
during the fMRI session were recorded remotely with an ASL 5000 LRO MRI-
compatible eye tracker. 
 The fixation cross subtended 0.2° of visual angle horizontally and vertically. The 
cuing stimuli were digital photographs of male and female faces with gaze directed 
straightforward. 18 faces were used in each trial and evenly distributed among image 
bins. The face subtended 4.9° horizontally and 7.6° vertically.  
2.3 Eye Tracking 
 Eye position was continuously monitored from the start to the finish of each trial. 
Parameters for collection of eye fixations were set using ASL software. To count as a 
fixation, gaze had to be maintained for at least five continuous data samples (80-85 msec 
at a sample rate of 60 Hz) within an area of 1° of visual angle. Fixation points were 
further characterized by location within regions of interest shown in Figure 2.1. The eyes, 
nose, and mouth regions were collapsed into an inner face region. All other fixations on 
the image were considered the outer face. Instances of fixation off the image were also 
counted to control for off-stimulus attention. 
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Figure 2.1: Regions of interest for eye fixations. The Eyes, Nose, and 
Mouth regions make up the Inner Face region. The Off Image region 
are all fixations not made within the bounds of the image. 
 
2.4 MRI methods  
 Data acquisition. All imaging data were collected using a 6-channel SENSE 
receiver coil on a 3 tesla Philips Intera scanner. fMRI parameters were: single-shot spin-
echo echo-planar imaging (SE-EPI); TR = 2 s; TE= 28 msec; flip angle = 90°; FOV = 
230 x 230 mm; 44 gapless axial slices aligned parallel to the intercommisural plane and 
collected in interleaved order; slice thickness = 3.5 mm; matrix = 128 x 128; imaging 
resolution = 1.8 x 1.8 x 3.5. Structural MRI parameters were: 3D magnetization-prepared 
rapid acquisition gradient echo (MP-RAGE) imaging; TR/TE/TI = 7.2/3.4/885 msec; flip 
angle = 8°; FOV = 230 x 230; 100-120 gapless 1.5 mm axial slices aligned parallel to the 
intercommisural plane; matrix = 256 x 256; image resolution = 0.9 x 0.9 x 1.5 mm.  
 Data analysis. The first 3 volumes of each run were discarded to allow the MR 
signal to reach steady state. Preprocessing and statistical analysis of functional imaging 
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data were conducted with FEAT (FMRI Expert Analysis Tool) Version 5.98, part of FSL 
(FMRIB's Software Library, www.fmrib.ox.ac.uk/fsl). Preprocessing included: motion 
correction with MCFLIRT (Jenkinson, Bannister, Brady, & Smith, 2002), slice-timing 
correction with Fourier-space time-series phase shifting; non-brain removal with BET 
(Smith, 2002); spatial smoothing with a Gaussian kernel of full-width half-maximum of 5 
mm; mean-based intensity normalization of all volumes by the same factor; high-pass 
temporal filtering (Gaussian-weighted least-squares straight-line fitting) with a cut-off of 
50 s. Functional data were registered to the high-resolution structural scan using 6-
parameter rigid-body transformation, and then normalized to the MNI-152 2 mm standard 
space template using 12-parameter affine registration via FLIRT (Jenkinson & Smith, 
2001; Jenkinson et al., 2002). Registration from the high-resolution structural scan to 
standard space was then refined using FNIRT nonlinear registration (Andersson, 
Jenkinson, & Smith, 2007a, 2007b). Time-series statistical analyses were carried out for 
each run separately for each participant using FILM (FMRIB’s Improved Linear Model) 
with local autocorrelation correction (Woolrich, Ripley, Brady, & Smith, 2001). fMRI 
responses for each stimulus category (BF, HF, LF, BN, HN, LN) within each run were 
modeled with a gamma variate function (with a mean lag of 6 s and SD of 3 s) and its 
temporal derivative.  
Statistical maps of the contrasts of interest (6 copes) were generated with a first-
level fixed effects analysis for each cue type for each subject. These effects were then fed 
into second-level fixed effects analyses that compared each of the contrasts (e.g., High - 
Low) between group (TD vs. ASD) for each participant. Group-level mixed-effects 
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analyses for each contrast, and the differences between cues for each contrast, were 
conducted using FLAME (FMRIB Local Analysis of Mixed Effects). For all group 
analyses, Z (Gaussianised T/F) statistic images were thresholded using clusters 
determined by Z > 3.7 and a corrected, brain-wide cluster significance threshold of p < 
.05 (Worsley et al., 2002). In analyses in which no effects were observed, the Z value was 
lowered to 3.1or lowered to 2.3, at p < .05, corrected, to assess the possibility of lower 
amplitude activation over more voxels. 
Regions of Interest (ROIs) were created using masks mapped to MNI-152 2 mm 
standard space and derived from a priori hypotheses. Cerebral matter, subcortical matter, 
and the amygdala were mapped via the Harvard and Oxford Subcortical Atlas (Desikan et 
al., 2006). The Fusiform Face Area (FFA) was defined by a 7 mm radius sphere around 
the peak activation point [MNI: 40, -60, -20] from an unpublished study of 20 TD 
individuals comparing activation between regular faces and scrambled faces. As in 
literature, the area was only found in the right hemisphere. Similarly, the Occipital 
Fusiform Area (OFA) was defined by a 7 mm radius sphere around coordinates found 
based on literature and adjusted to capture activated areas [MNI: -44, -77, -14] (Gauthier 
et al., 2000); only the left hemisphere was used in order to limit interfering responses 
from the proximal FFA. The medial pulvinar and lateral geniculate nucleus (LGN) were 
identified using the Morel Atlas (Morel, 2007). ROIs were analyzed for absolute and 
percent signal changed with FSL fslmaths. Stimulus effects on ROI activation were 
examined by conducting mixed-design ANOVAs with SPSS 19.   
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In order to assess the relationship between behavioral cuing effects and brain 
activation, each participant’s mean response time (RT) and accuracy were separately 
entered as a covariates during whole brain analyses. Accuracy was calculated by 
subtracting the number of gender task errors in each contrast from the number of tasks 
per contrast and dividing by the number of tasks per contrast. Behavioral variables were 
demeaned (the group mean was subtracted from each individual value) and the same 
brain-wide cluster threshold (Z > 2.3, p < .05) as in the main analyses was used. Whole-
brain evidence of correlation between BOLD response and behavioral variables were 
further examined by assessing associations with ROIs by conducting correlations with 
SPSS 19.  
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 RESULTS 
3.1 Eye Tracking 
Eye tracking data was not available for 4 TD and 7 ASD participants. Repeated 
measures 2 x 2 x 3 ANOVAs (group x emotion x SF) were used to detect differences in 
eye fixations in the designated ROIs for between-group and among-stimuli effects. A 
significant main effect for emotion was found only for nose fixations, F(1,24) = 8.985, p 
= .006, with a higher number of fixations for fearful stimuli in both groups. Due to the 
location of the fixation point within this region, this indicates a lack of movement away 
from the original point of view for fearful stimuli. Since the nose is not believed to be 
informative in expression detection, this finding may also indicate a greater use of 
peripheral vision in detecting fearful stimuli. No main effect was found for SF, maximum 
F(1,24) = 2.205, p = .121. Contrary to expectations, no significant differences were found 
between the ASD and TD group for eyes, F(1,24) = .457, p > .05,  nose, F(1,24)  = .324, p 
> .05, mouth, F(1,24) = .793, p > .05, inner face, F(1,24) = .099, p > .05, outer face, 
F(1,24) = 1.291, p > .05, or off image, F(1,24) = .746, p > .05. No interaction effects were 
found for emotion, maximum F(1,24) = .372, p = .548. A significant interaction effect 
between SF and group was found for fixations on the inner face, F(2,48) = 3.439, p = .04. 
Both groups were found to fixate the same amount on BP-filtered images, but the TD 
group’s fixations increased from BP- to HSF- to LSF-filtered images, and the ASD 
group’s fixations decreased from BP- to HSF- to LSF-filtered images. Notably, the off 
image fixations were exceedingly low for both groups (7 per 100 trials in the ASD group 
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and 5 per 100 trials for the TD group) across all stimuli, indicating equal focus on the 
images. 
 
Figure 3.1: (A) Frequency of fixations made by 16 TD controls (blue) and 10 
ASD participants (red) . (B) Frequency of fixations made within the inner 
face region. 
 
3.2 Response Time and Accuracy  
Repeated measures 2 x 2 x 3 ANOVAs (group x emotion x SF) were used to 
detect differences in response time and accuracy to the gender discrimination task. A 
mild but significant main effect was found for emotion, F(1,35) = 5.064, p = .031, fearful 
stimuli provoking an 8 msec delay. This delay may be due to slightly more processing 
time due to the non-conscious processing of the fearful information. A significant SF 
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main effect, F(1.6,57.4) = 118.664, p < .0001, Huynh-Feldt correction, ε = .820, was 
found with HSF-filtered stimuli taking 101 msec longer than BP- and LSF-filtered stimuli 
combined. This is most likely due to the difficulty in identifying gender with these 
images. Only a marginally significant group difference was found between the ASD 
group and TD group for response time, F(1,35) = 3.883, p = .057 with the ASD group 
taking 66 msec longer to respond than the TD group. This indicates only a slight 
difference in attention to the task, but not enough to warrant concern. No interaction 
effect was found for emotion, F(1,35) = .346, p = .560. A significant interaction effect 
was found between SF and group, F(1.6,57.4) = 4.273, p = .025, Huynh-Feldt correction, 
ε = .820, due to the stronger increase in HSF-stimulated response time relative to the 
other stimuli in the ASD group.   
   
Figure 3.2: Response times for the gender discrimination task separated into each stimuli (emotion x 
spatial frequency) for (A) 20 TD controls and (B) 17 ASD participants. Fear (dark). Neutral (light). 
 
No significant main effect was found for emotion for accuracy in detecting 
gender, F(1,35) = .055, p = .815. A significant SF main effect was found, F(1.5,51.6) = 
87.491, p < .0001, Huynh-Feldt correction, ε = .737, with HSF being 13% and 17% less 
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accurate than LSF- and BP-filtered stimuli, respectively. This is in concordance with the 
delayed response time for this stimulus-type and provides further evidence for the 
intrinsic characteristic of gender discrimination difficulty for HSF-filtered images. A 
significant group difference was found for accuracy, F(1,35) = 17.096, p = .0002, with a 
6% decrement in correct responses for the ASD group. While this shows that the ASD 
group had slightly more difficulty in gender discrimination, the decrement was not 
drastic; thus, it does not warrant concern for the attentiveness to the images. No 
significant interaction effect was found for emotion, F(1,35) = .427, p = .518. A 
significant interaction effect was found between SF and group, F(1.5,51.6) = 6.607, p = 
.006, Huynh-Feldt correction, ε = .737, due to the stronger decrease in HSF-stimulated 
response time relative to the other stimuli in the ASD group also in concordance with the 
interaction effect in response time.  
In both groups, no eye fixation correlations were found with response time on the 
gender discrimination task. Importantly, no positive correlation was found with off-image 
fixations and response time or negative correlation with accuracy, which would indicate a 
delay due to inattention to the image. Notably, only BP-filtered stimuli in the ASD group 
showed significant positive correlations with response time and accuracy (r = .531, p = 
.028) indicating a speed-accuracy tradeoff for the task. In the TD group, the only 
significant fixation correlation for accuracy was for the inner face with LSF-filtered 
fearful stimuli (r = .508, p = .044). This indicates more accurate holistic information 
detection when focus is on the inner face in TD individuals. In the ASD group, the inner 
face was also found to have a positive correlation with HSF-filtered fearful stimuli (r = 
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.772, p = .009), with shared variance in the eye region for HSF-filtered (r = .840, p = 
.002) and fearful (r = .738, p = .015) images. This indicates that the ASD group more 
accurately detects gender when focusing within the bounds of the inner face for these 
stimuli, specifically, when focusing on the eyes. 
 
Figure 3.3: Accuracy rates for the gender discrimination task separated into each stimuli (emotion 
x spatial frequency) for (A) 20 TD controls and (B) 17 ASD participants. Fear (dark). Neutral 
(light). 
 
3.3 Imaging Data 
3.3.1 Whole Brain 
Many of the subcortical areas of interest were obfuscated by overall high cortical 
activation; thus, subcortical areas will only be discussed using region of interest (ROI) 
analyses. Significant between-group differences were found primarily in the posterior 
inferior temporal gyrus (pITG) bilaterally. The ASD group showed significantly less 
activation in the pITG than TD controls for fear and neutral stimuli in the right 
hemisphere; however, they only showed less activation in this region for neutral stimuli 
when the image was HSF-filtered. Although there appears to be a significant reduction in 
activation, both groups had significant hemodynamic responses to all stimuli in this 
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region (Figure 3.4). The differences shown here may simply be due to significant 
differences in overall activation. In contrast, the ASD group showed significantly more 
activation in this region for the left hemisphere in response to fearful stimuli. This region 
has been shown to have some face-selective responses (Allison, Puce, Spencer, & 
McCarthy, 1999; Peelen, Wiggett, & Downing, 2006). Our findings converge with 
Schultz and colleagues (2000), which showed this area to be over-activated in the ASD 
group when processing faces while more like object processing in TD individuals. These 
results indicate that controls processed all images more like non-face objects than the 
ASD group on average and more so with HSF-filtered images while the ASD group 
processed fearful faces more like objects over neutral faces. This area was also shown to 
be a picture-specific area of activation (Vandenberghe, Price, Wise, Josephs, & 
Frackowiak, 1996) which would explain the high activation in TD controls; however, 
those results were not related to faces.   
 As suggested by between-group analyses, a significant lateralization difference 
was found in the ASD group compared to TD participants. Figure 3.5 shows the activated 
left pITG region in within-group F>N contrasts (Fear – Neutral) only being significant 
for the ASD group. Furthermore, the pathway leading to its activation can be 
characterized as LSF-dependent due to its lack of activation in HSF-filtered emotion 
contrasts (HF > HN). The activation cannot be fully attributed to LSF-stimuli, however, 
due to its lack of activation in SF contrasts normalized for emotion (.e. LF > HF); thus 
pITG activation must be due to the emotional content of the images.  
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Figure 3.4: Between-group analyses in Blood Oxygen-Level 
Dependence (BOLD) response showing significant differences in 
posterior interior temporal gyrus activation for fearful (violet) relative to 
neutral (green) stimuli between the ASD and TD groups. 
 
 
Figure 3.5: Within-group Blood Oxygen-Level Dependence (BOLD) response activation showing the left 
hemisphere activation for each contrast in the ASD group (red) compared to the TD group (blue) and 
overlapping areas (violet). The bottom left shows mean Fear and Neutral stimulus activation for these 
groups. 
 
 The right hemisphere has be shown to assume more negatively valent emotional 
processing (Sergerie, Lepage, & Armony, 2006; Vrtička, Sander, & Vuilleumier, 2012). 
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Figure 3.6 shows this clearly in the TD controls for F>N. The ASD group did have SF-
independent activation in a small region of the premotor cortex, but did not show the 
diffuse cortical activation seen in TD controls. A similar area was shown to be used by 
TD controls in HSF-dependent activated by non-affective face. Due to its location, this 
area may be a part of the mirror neuron system, which plays a part in physical reactions 
to emotional stimuli and has been demonstrated to be abnormal is ASD individuals 
(Dapretto et al., 2006). The pSTS was also shown to be active in the TD group but not the 
ASD group. This area also demonstrated an LSF-dependent characteristic in the TD 
group, but the activation does not occur in emotion normalized SF contrasts (i.e. LF>HF). 
This shows a possible dysfunction in the processing of changeable facial features in ASD 
individuals.  In the Neutral > Fear contrast, a notable difference is detected in the anterior 
superior temporal gyrus (aSTG) in the TD group. This area did not show activation above 
threshold for fear or neutral stimuli, which leads to two possible conclusions: (1) it was 
more activated in neutral stimulus or (2) it was less activated in fear stimuli. It has been 
shown to have connectivity to the amygdala via the ventral pathway, leading this finding 
to be relevant, though unclear (Karnath, 2001).  
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Figure 3.6: Within-group Blood Oxygen-Level Dependence (BOLD) response activation showing the right 
hemisphere activation for each contrast in the ASD group (red) compared to the TD group (blue) and 
overlapping areas (violet). The bottom left shows mean Fear and Neutral stimulus activation for these 
groups. 
 
When analyzing co-variation among behavioral variables, we found significant 
predictability in pSTS response due to accuracy in the ASD group, but only in HSF-
filtered (not shown) and fearful stimuli in the left hemisphere. There was an additional 
area associated with gender task accuracy for fearful stimuli in the right aSTG that 
corresponds to the area noted in TD controls for the Neutral > Fear contrast. No areas 
were found to have a significant relationship to accuracy in TD controls. While there 
were many activated areas found in the ASD group with strong relationships to eye 
fixations, none of these areas were directly related to face processing in the scope of this 
paper.  
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Figure 3.7: Blood Oxygen-Level Dependence (BOLD) response 
activation sharing significant variance with gender discrimination task 
accuracy showing the posterior superior temporal sulcus (pSTS) 
activation for the ASD group (red) due to fearful stimuli. Controls 
(blue) showed no significant covariate activation. 
 
3.3.2 Regions of Interest 
Repeated measures 2 x 2 x 3 ANOVAs (group x emotion x SF) were used to 
detect differences in ROIs due to the gender discrimination task. 
Fusiform Face Area 
No significant main effect was found for emotion, F(1,71) = 1.527, p = .221. 
There was a significant main effect for SF, F(2,142) = 3.300, p = .040, with HSF-stimuli 
inducing 7% less activation than BP- and LSF-filtered stimuli combined. No significant 
difference in overall FFA activation was found between the ASD group and TD group, 
F(1,71) = 2.057, p = .156. A significant interaction effect was found between emotion 
and SF, F(2,142) = 5.638, p = .004, such that LSF-filtered stimuli showed 11% more 
activation with fear than neutral stimuli, and HSF-filtered stimuli showed 10% less 
activation with fear than neutral stimuli. This finding suggests a functional FFA in ASD 
individuals and higher LSF-dependent pathway activation with fearful stimuli. This 
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corresponds well with the hypothesis that the FFA is used more for coarse, configural 
information.  
Correlation analyses also support functional FFA activation in the ASD group. No 
significant correlation was found between the FFA and accuracy in the gender task; 
however, a significant negative correlation was detected with response time in TD 
controls (r = -.521, p = .001). This suggests that more FFA activation leads to quicker 
responses.  In TD controls, there was a significant positive correlation with fixations on 
the outer face for neutral stimuli (r = .454, p = .009) and LSF-stimuli (r = .366, p = .039), 
and similarly, a negative correlation with the inner face for neutral stimuli (r = -.404, p 
=.022) and LSF-stimuli (r = -.354, p = .047). In ASD individuals, there was a significant 
positive correlation with fixations on the outer face for all stimuli (r = .830, p < .0005) 
and a negative correlation with the inner face for all stimuli (r = -.546, p = .013). 
Although significant correlations were stimuli-specific for only the TD group, the 
similarities in behavioral relationships signifies no between-group differences in function.  
 
Figure 3.8: Mean ( SE) percent signal change as a function of emotion and spatial frequency for 2 runs 
with the right fusiform face area for (A) 20 TD controls and (B) 17 ASD participants; Fear (dark). Neutral 
(light).  
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Occipital Face Area 
No significant main effect was found in emotion, F(1,35) = .972, p = .328, or SF, 
F(2,142) = .470, p = .626. A significant difference in overall OFA activation was found 
between the ASD group and TD group, F(1,71) = 8.214, p = .005, with 31% less 
activation in the ASD group. A marginal interaction effect was found for emotion and SF, 
F(2,142) = 3.041, p = .051, such that LSF-filtered stimuli showed 4% more activation 
with neutral stimuli than fearful stimuli, and HSF-filtered stimuli showed 17% more 
activation with neutral stimuli than fearful stimuli. This is opposite to the effect shown by 
the FFA and suggests higher HSF-dependent processing in this area. This finding 
suggests similar spatial frequency bias for the OFA in both groups with overall less 
reliance on its feature-based processing in the ASD group. 
No correlations were found between OFA activation and either response time or 
task accuracy. There was a significant positive correlation with fixations on the outer face 
in the ASD group (r = .467, p = .038) and OFA activation not seen in the TD group. 
Unlike the FFA, no correlation was found with the inner face in either group. Since the 
inner face is characterized by its facial features, these findings do not converge with 
conclusions reached from our mixed-model ANOVA. 
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Figure 3.9: Mean ( SE) percent signal change as a function of emotion and spatial frequency for 2 runs 
with the occipital face area for (A) 20 TD controls and (B) 17 ASD participants; Fear (dark). Neutral 
(light). 
 
Amygdala 
A significant main effect was found in emotion for the right hemisphere, F(1,35) 
= 5.416, p = .023, with 6% more activation for fearful stimuli. No significant main effect 
was found for SF, F(2,142) = 1.813, p = .167. Significantly less activation was found in 
the ASD group relative to TD controls bilaterally, Left: F(1,71) = 11.490, p = .001, Right: 
F(1,71) = 9.956, p = .002, with 14% less activation in the left hemisphere and 17% less 
activation in the right hemisphere. This suggests a dysfunctional amygdala in the ASD 
group, but one that still responds to fearful stimuli in the same fashion with a 6.5% 
increase relative to neutral stimuli compared to the 5.4% increase found in the TD group. 
No significant interaction effects were found. 
In the TD group, a significant negative correlation was found between response 
time and fearful stimuli (r = -.377, p = .016). Similarly, in the ASD group, a significant 
positive correlation was found between accuracy and fearful stimuli (r = .404, p = .02). 
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This suggests that more reliance on the subcortical pathway in the TD group results in 
faster responses and in the ASD group results in accurate responses even for an unrelated 
task. In the TD group, neutral stimuli showed negative correlations with fixations on the 
mouth region with neutral stimuli (Left: r = -.414, p = .018; Right: r = -.472, p = .006). 
No such correlation was detected in the ASD group. This finding indicates that in non-
fearful stimuli fixating on the mouth causes less amygdala activation, but only in the TD 
group.  
 
 
Figure 3.10: Mean ( SE) percent signal change as a function of emotion and spatial frequency for 2 runs 
with the (A) left amygdala and (B) right amygdala for 20 TD controls and the (C) left amygdala and (D) 
right amygdala for17 ASD participants; Fear (dark). Neutral (light). 
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Medial Pulvinar 
No significant main effect for emotion, Left: F(1,71) = .673, p = .415, Right: 
F(1,71) = .814, p = .370,  or for SF, Left: F(2,142) = .063, p = .939, Right F(2,142) = 
.306, p = .737, were found for the medial pulvinar. Additionally, only a marginally 
significant group difference was found for the in the left hemisphere, Left: F(1,71) = 
3.073, p = .084, Right: F(1,71) = 2.277, p = .136, such that the ASD group had 6% less 
activation on average. No significant interaction effects were found.  
No correlations were found between the medial pulvinar and response time or 
accuracy in either group. In the TD group, a significant negative correlation was found 
between pulvinar activation fixations on the nose, bilaterally (Left: r = -.403, p = .022; 
Right: r = -.373, p = .036). More evidence is needed to make conclusions on this finding, 
but it can be noted that moving away from the fixation point leads to greater medial 
pulvinar activation, which is believed to receive input from the ventral pathway and have 
connectivity with the amygdala. This was not detected in the ASD group. 
 34 
 
Figure 3.11: Mean ( SE) percent signal change as a function of emotion and spatial frequency for 2 runs 
with the (A) left medial pulvinar and (B) right medial pulvinar for 20 TD controls and the (C) left medial 
pulvinar and (D) right medial pulvinar for17 ASD participants; Fear (dark). Neutral (light). 
 
Lateral Geniculate Nucleus 
No significant main effects were found in the LGN for emotion, Left: F(1,71) = 
.009, p = .927, Right: F(1,70) = 6.136, p = .003. A significant main effect was found in 
the right hemisphere for SF, Left: F(2,142) = 1.185, p = .309, Right: F(2,142) = 6.136, p 
= .003, such that LSF- and HSF-filtered stimuli showed 6% and 9% less activation than 
BP-filtered stimuli, respectively. This is likely due to less work needed by the LGN in 
sorting spatial frequency information when only one frequency range is presented. A 
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significant group difference was found for the LGN in the right hemisphere, Left: F(1,71) 
= 2.641, p = .109, Right: F(1,71) = 9.515, p = .003, such that there was a 7% decrement 
in the left and a 14% decrement in the right hemisphere of ASD participants. A 
significant interaction effect was found between emotion and SF in the right hemisphere, 
F(2,142) = 5.819, p = .004, such that for LSF-filtered stimuli, the LGN was 8% more 
activated for fearful stimuli than neutral stimuli while for HSF-filtered stimuli, the LGN 
was 3% less activated for fearful stimuli than neutral stimuli. A three-way interaction 
effect (group*emotion*SF) was also found for the right LGN, F(2, 142) = 4.222, p = 
.017, such that no stimuli-selectivity was found for the TD group. This shows that the 
aforementioned bias in the LGN for fearful stimuli is attributed to the ASD group alone. 
This difference in early processing in the ASD group can lead to a major trickle-down 
effect in the visual processing system.  
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Figure 3.12: Mean ( SE) percent signal change as a function of emotion and spatial frequency for 2 runs 
with the (A) left lateral genicuate nucleus and (B) right lateral genicuate nucleus for 20 TD controls and the 
(C) left lateral genicuate nucleus and (D) right lateral genicuate nucleus for17 ASD participants; Fear 
(dark). Neutral (light). 
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DISCUSSION 
4. Subcortical Affective Processing 
The major finding in this study was the significantly lower bilateral activation in 
the amygdala in the ASD group compared to TD controls. Similar lower activation results 
have been postulated to be the result of ‘low road’ dysfunction in individuals with ASD; 
however, we found the amygdala to respond to fearful stimuli in the same manner as TD 
controls when compared to neutral stimuli, just at a significantly lower activation level. 
Similarly, Klienhans et al. (2011) showed abnormal amygdala activation by comparing 
fearful faces to houses with 23.5 msec presentation of images. Our 200 msec presentation 
demonstrates that even with longer exposure to faces, the amygdala does not demonstrate 
overall higher activation. 
The medial pulvinar BOLD responses also demonstrate a functional subcortical 
pathway in ASD; however, results in the ASD group were significantly more variable 
than TD controls for the right hemisphere and showed marginally lower activation in the 
left hemisphere. The medial nuclei have been shown to have direct connections with the 
amygdala; however, further analyses are needed to investigate other nuclei. Damage to 
the visual cortex has been shown to affect connectivity in the subcortical pathway 
restricted to the affected hemisphere due to extensive neural plasticity (Tamietto, Pullens, 
De Gelder, Weiskrantz, & Goebel, 2012). Differences in neural plasticity effects could 
explain the high variability in right hemispheric subcortical activation. This finding is 
supported by the significantly abnormal findings of the LGN, which has not been shown 
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to project visual information to the amygdala, but rather directly projects to the visual 
cortex (Pessoa & Adolphs, 2010). 
Major cortical activation differences also suggest amygdalar dysfunction. In 
response to fearful stimuli, significantly less activation was shown for ASD individuals 
compared to TD controls in the right pITG while significantly more activation was shown 
in the left hemisphere for this area. Additionally, the pSTS was shown to only be active 
in the TD group. This area is expected to respond to changeable facial features such as 
the mouth, a higher-order processing event. Compared to TD controls, much less general 
activation in the right cortex was found in response to fearful stimuli. All of these 
responses showed preference to LSF-filtered stimuli, which has been demonstrated to be 
characteristic of subcortical processing. Though differences exist between the two 
groups, the ASD group showed significant pITG activation similar to TD controls which 
demonstrates ‘low road’-initiated, cortical activation. Since the amygdala is known to 
function as a diffuse distributor and modulator to the cortex, the substantially lower 
cortical activation in the ASD group may be explained by the overall lower functioning 
of the amygdala. 
4.2 Eye Gazing 
  Another major result from this study was the similarity in facial feature fixations 
between the ASD group and TD controls. The only significant emotion-specific facial 
feature found was the nose region. Due to the location of the fixation cross in this region, 
we hypothesize that this is the result of fearful stimuli eliciting no saccade response. 
Owing to its LSF-dependence, fearful stimuli should rely on a holistic-style of 
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processing, which would occur best when focused on the center of the face. This is 
supported by our finding that FFA activation, thought to be most used in holistic 
processing, was positively correlated with the outer face and inversely correlated with the 
inner face. Although the nose region is found within the inner face, the outer face has no 
featural information and must rely on coarse information. These findings do not converge 
with evidence that ASD individuals rely on the mouth for information nor for evidence 
that they divert away from the eyes.  
4.3 Task Attention  
One caveat of this study is the ability to monitor non-conscious emotional stimuli 
responses in the ASD group and relies on the attention to the task at hand. In most 
studies, an emotion recognition-oriented task has been used, which raises the concern of 
‘high road’ cognitive interferences with the underlying visual stimuli response. While 
statistically significant differences were found for increased response times and lowered 
accuracy in the ASD group, the results are not considered substantial. The 66 msec lag in 
response time for the ASD group is insignificant compared to the 1800 msec time slot 
allotted to respond. Similarly, the 6% decrement in accuracy does not warrant concern of 
an attention deficit, although it corresponds with the 6% less activation found in the left 
pulvinar, which has been shown to be involved in attention and responds to consciously-
perceived stimuli (Pessoa & Adolphs, 2010); however, no significant correlations were 
found between the pulvinar and accuracy measurements. The areas found to correlate 
with task-related behavioral measurements in the ASD group were the left pSTS, the 
aSTG, and the amygdala. All interactions were found for fearful stimuli, and notably, an 
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increase in amygdala response was shown to correspond with an increase in accurate 
responses. This finding does raise concerns since it could be argued that more attentive 
participants displayed higher amygdala activation; however, accuracy was at 81% for 
fearful stimuli and for neutral stimuli.  
4.4 Limitations 
Many steps can be taken in the future to better present the differences of face 
processing circuitry in ASD individuals. Firstly, most of the masks used in creating 
regions of interest were administered after mapping an individual’s brain to standard 
space. A more precise method would be to mask each individual’s region of interest 
before mapping to standard space, in order to obtain the most accurate response data 
pertaining to that particular region. In addition, this method would further allow the 
investigation of smaller areas like the superior colliculus and proximal nuclei of the 
pulvinar, which are far too small and too variable to rely on correct mapping. Secondly, 
connectivity data would be necessary to support the functional correlations specified 
above. While one area may respond in sync with another, proof that neuronal connections 
exist or do not exist would further solidify these conclusions. Lastly, the study lacks in 
statistical power due to the low number of participants and the high number of 
comparisons needed to peel apart such a complex problem. With so much variability 
among individuals in the brain areas being studied, a large number of participants are 
necessary to reduce the standard error significantly.  
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